Electrical activity underlying rhythmic contraction in human pial arteries.
Human pial arteries obtained during surgery frequently exhibit spontaneous periodic contractions. Simultaneous measurements of membrane potential and vessel wall force were used to examine whether these contractions are associated with electrical activity of smooth muscle cells (SMCs). A total of 53 segments from 38 patients were studied, and of these, 26 showed spontaneous contractions related to periodic depolarization and generation of action potentials (APs). The resting membrane potential during the silent periods was -44.0 +/- 0.5 mV. APs without "overshoot'' were observed when spontaneous depolarization reached levels of -40 to -35 mV. Just over half of the arterial segments failed to exhibit spontaneous activity; however, APs could be generated during K+-induced depolarization. The mean SMC resting membrane potential of these vessels was -53.5 +/- 1.5 mV, and this value differed significantly from that of SMCs in spontaneously active arteries. Application of tetrodotoxin did not change the amplitude and duration of APs. Removal of Ca2+ from the bathing solution and addition of nifedipine completely inhibited the spontaneous APs and associated contractions. K+ depolarization failed to induce APs and contraction in the presence of nifedipine. We conclude that periodic spontaneous depolarization and AP generation underlie the periodic spontaneous contractions of human pial arteries. Both the APs and associated contractions are related to the activation of dihydropyridine-sensitive voltage-dependent Ca2+ channels. It is suggested that AP generation can be responsible for vasomotion of human pial arteries in vivo.